Materials and instruments

Materials.
Unless otherwise indicated all reagents are used as received. Polyvinylpyrrolidone (Mn10000), potassium tetrachloroplatinate (II), L (+) ascorbic acid, DMF, and dichloro-dihydro-fluorescein diacetate (DCFH-DA) were purchased from Sigma-Aldrich. Doxorubicin (Dox) was purchased from Bioconnect. BV. Methanol of HPLC grade was purchased from Avantor Performance Materials and used without further purification. Spectra/Por dialysis membrane with a MW cut-off of 12000-14000 was used for dialysis.
All solutions were prepared with MilliQ water, which was obtained with a MilliQ QPOD purification system, with an electrical resistance > 18.2 MΩ.
Instruments.
Dynamic light scattering (DLS) analysis was performed on Malvern Zetasizer Nano S with 1 1 H NMR and GPC were used for monitoring the polymerization process by determining the molecular weight of the block copolymer. The reaction was terminated once the desired MW of 24000 was attained. A block copolymer was obtained with a PDI of 1.07, according to the GPC.
Preparation of PtNP with PVP coating
20 mg poly(vinyl pyrrolidone) (PVP, MW≈ 10,000) was added to 2 mL K 2 PtCl 4 (20 mM).
The mixture was stirred at room temperature for 48 hours to allow full dissolution of the PVP. 35 mg ascorbic acid was dissolved in 1 mL of water before addition to the above solution. After stirring for 1 min, the resulting solution was incubated in a sonication bath (VWR Ultrasonic Cleaner Model 75D) at room temperature for 1 h. The appearance of a black color indicated the formation of PtNP. Average size of particles was determined to be 74 nm with DLS (Table S1 ).
Preparation of the Dox and platinum nanoparticles (PtNP)-loaded stomatocytes
The block copolymer poly(ethylene glycol) 44 -b-polystyrene 190 (10 mg) was fully dissolved in 1 mL organic solvent mixture (tetrahydrofuran:dioxane = 4 : 1) before addition of 0.05 mg doxorubicin solution in DMF. Deionized water (0.35 mL) was subsequently slowly added to the solution, followed by addition of 0.65 mL preformed PtNP aqueous solution.
After vigorous dialysis for at least 48 hours to remove non-entrapped Dox, Dox-loaded and PtNP entrapped stomatocytes were obtained. The average size of the obtained structures was determined from dynamic light scattering (DLS) analysis to be 308 nm (Table S1 ).
Transmission electron microscopy (TEM)
Samples were prepared with the following protocol: Freshly prepared Dox and PtNP loaded stomatocytes were diluted to the appropriate concentration. Then 6 µL of diluted sample aliquots were dropped onto carbon-coated copper grids. Excessive liquid was removed with filter paper and the grid was dried overnight at room temperature. Image acquisition was performed with iTEM software (Olympus). TEM images of Dox and PtNP loaded stomatocytes are presented in Figure S1 . 
Cryo electron microscopy and 3D tomography
Energy-dispersive X-ray spectroscopy (EDS)
Element (platinum and nitrogen) analysis was performed on a Bruker Quantax EDS system with an STEM detector incorporated.
Dynamic light scattering (DLS)
Dynamic light scattering analysis of Dox and PtNP loaded stomatocytes, Dox loaded stomatocytes, PtNP loaded stomatocytes, empty stomatocytes and PtNP in aqueous solution was performed using a Malvern Zetasizer Nano S instrument. Samples were typically loaded in Malvern disposable capillary cells. Values are averages of three measurements ± standard deviation (Table S1 ).
General Procedure for Field Flow Fractionation
Samples were separated and detected by a field flow fractionation system (Eclipse, wyatt company) connected with a Shimazu HPLC pump and a DAWN multiangle light scattering detector. MALS detectors were normalized with bovine serum albumin (BSA) before the experiment. 50 mM sodium nitrate solution was used as eluent. Membranes used at the channel bottom were cellulose (10 kD) RC 10 from Nadir. The channel flow rate was set at 3.0 mL/min. With an injection rate of 0.2 mL/min, samples were injected into the channel through a loop injector with injection amount of 10 µL and concentrated with a focusing flow rate of 1.0 mL/min. After focusing, samples were fractionated with a cross flow of 3.0 mL/min which decreased exponentially to 0 mL/min during the course of 28 min. Data was recorded and analyzed with Astra software ( Figure S2 ). Spectra of Dox and PtNP loaded stomatocytes were deconvoluted with Gaussian distribution fitting, the percentage of PtNP loaded stomatocytes was determined to be 59.8 %.
Quantification of doxorubicin encapsulation efficiency with HPLC
To 250 
Procedure to measure nanomotors by nanosight
To investigate the motion of Dox and PtNP loaded stomatocytes and rule out a negative effect of Dox encapsulation on the efficiency of the nanomotors, nanoparticle tracking analysis was carried out with a nanosight LM10 at a magnification of 20×. Nanoparticle tracking analysis combines the laser light scattering technique with a CCD camera and is capable of tracking particles of 30 to 1000 nm size moving under Brownian or non-Brownian motion in real-time.
The Stokes-Einstein equation can be used to correlate the tracking coordinates obtained from the movement of the particles with their size. The technique is complementary to dynamic light scattering (DLS), however, it provides individual particle-by-particle analysis rather than an ensemble size distribution information. 4 Since the method provides additional visualization of the particles we previously used this technique to study in detail the effect of the fuel concentration on the movement of the platinum-loaded nanomotors for concentrations ranging from 2.5, 15, 50, 75 and 100 mM. 5 In this experiment we analysed the movement 
Glass channel for chemotaxis evaluation
The glass channel was filled with 400 µL of deionized water. Then 5 µL of hydrogen peroxide (5 v/v % or 0.5 v/v %) was gently added to position 1 before gentle addition of doxorubicin and PtNP loaded stomatocytes to position 5. Particles were irradiated at an excitation wavelength of 488 nm and emission was detected using a band pass 530-620 nm to collect doxorubicin fluorescence. To visualize particle motion, particles were imaged as time series (100 frames, frame size 1024 pixels x 128 pixels, time interval between each frames ∆T = 268 ms) on a Leica TCS SP2 AOBS confocal using 63×oil immersion objective. The imaging plane and imaging time were carefully chosen and maintained throughout the whole experiment. A pinhole of 400 µm was used to achieve maximal tracking of particles before particles move out of imaging plane. Bidirectional scanning mode was used and the scanning speed was set at 1000 Hz to ensure minimal time interval 268 ms. Tracking image sequences were analyzed with ImageJ plugin manual tracking. With the x/y coordinates information, the distance a particle travelled within 268 ms time interval was determined. By averaging velocity of particle over different time intervals, average velocity of particle was obtained. For each group 30 nanoparticles were tracked and the velocity determined, giving a final average velocity.
To rule out effects of surface tension change induced by hydrogen peroxide addition, 5 µL of hydrogen peroxide at 0.5% was added to position 1 while doxorubicin loaded but PtNP free stomatocytes were added to position 5. No directional motion was observed in this case, excluding thus possible influences of the Marangoni effect, while the (random) movement of the PtNP-free stomatocytes was calculated to be 10.30 µm/s (Figure 2b ).
Although the calculated motion of the empty stomatocytes is similar to that of motor with hydrogen peroxide at 0.05% in magnitude it did not show any preferred directionality as is the case with chemotactic behaviour ( Figure S6 ). In order to further exclude the possible influence of drift effects, deionized water of the same volume was added to position 1 while Dox and PtNP loaded stomatocytes were added to position 5. A moving rate of 8.44
µm/s was determined for the PtNP loaded stomatocytes. In this case, only typical
Brownian-based diffusion, random in direction, was detected. The tracking path of particles from 4 groups over 4 consecutive frames (t = 1.072 s) was shown in figure S6 .
As observed in the experiment, there was no sign that stomatocytes sedimented or adhered/interacted with the glass channel wall. It is therefore unlikely the channel wall would influence the flow pattern. As oxygen bubble formation may give rise to convection gradients, low concentrations of hydrogen peroxide (0.5% and 0.05%) were used. With the addition of both 5 µL 0.5% and 0.05% of hydrogen peroxide, no visible oxygen production could be observed during the experiments, we therefore ensured that the directional migration towards higher concentrations of hydrogen peroxide was not due to microsized bubble formation and perturbation of the fluid.
Microfluidic device for chemotaxis evaluation
The chemotaxis of doxorubicin and PtNP loaded stomatocytes was studied with a Leica There was also no acceleration tendency from position 3 to position 1 for the control groups.
Discussion of the motion mechanism
Locomotion in both water and HBSS buffer is observed for our motor system. While our stomatocyte motors could be considered as a resemblance of Janus-type nanomotors, up till now, the motion mechanism of Janus motors remains under debate. 7 We examined the mechanism of directed movement by measuring the diffusion coefficient of our motors in deionized water and HBSS buffer upon addition of hydrogen peroxide.
The diffusion coefficient of Dox and PtNP loaded stomatocytes in the deionized water solution/HBSS buffer solution upon addition of 0.05% (final concentration 0.0015%) hydrogen peroxide was determined to be 1.85×10 -8 cm 2 /s and 1.79×10 -8 cm 2 /s, respectively. The presence of electrolyte in HBSS buffer reduced the diffusion coefficient of motors to some extent. It is known that electrolyte diffusiophoresis based on ionic gradients generated by hydrogen peroxide decomposition and nonelectrolyte diffusiophoresis can be suppressed in strong electrolytes (NaCl, KCl) and neutral molecules (glucose) containing HBSS buffer. Poon and Ebbens discovered a strong propulsion reduction of platinum-PS Janus swimmers (diameter 2 µm) by addition of ionic species (maximum concentration 1 mM), suggesting a diffusiophoresis mechanism or self-electrophoresis resulting from a localized ionic current on the surface of catalyst. 8 In our case the diffusion coefficient of motors in HBSS buffer (containing 138 mM NaCl, 5.6 mM glucose) with 0.05% hydrogen peroxide addition was reduced, yet still higher than that in HBSS without hydrogen peroxide (1.72 × 10 -8 cm 2 /s). We expect diffusiophoresis to play a role in our system, however it seems it is not the only operating mechanism. As it was reported previously platinum-based Janus nanomotors move directionally under either diffusiophoresis or bubble propelled mechanisms at the same concentration of hydrogen peroxide, depending on the roughness of catalyst. 9 We assume that nanoscale bubbles could account for the locomotion we observed in HBSS buffer. 10 It is somewhat surprising that diffusiophoresis is partly accountable for locomotion of 300 nm sized motors as one would expect rotational motion may interrupt the asymmetric distribution of catalyzed products. Recent studies from other groups also experimentally showed that motors propelled through phoretic mechanisms could still be operative at a size scale as low as 30 nm and are not be disrupted by self-rotation. 
